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ABSTRACT 


The  nlnety-fotir  references  presented 
cover  the  following  subjects:  solar 
radiation  pressure  torqvies,  geomagnetic 
torq\aes,  and  dlsturbEince  torques  from 
all  sources  In  satellite  orbits.  The 
values  of  these  torques  are  being  Inves¬ 
tigated  M  a  function  of  time  and  distance. 
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INTRODUCTION 


An  investigation  is  being  made  of  the  effect  of  solar  radiation 
pressiire  torques,  geomagnetic  torques,  and  disturbance  torques  from  all 
sources  on  satellite  orbits.  The  values  of  these  torques  are  being  investi¬ 
gated  as  a  function  of  time  and  distance. 

Several  methods  are  reported  in  the  literature  for  orienting  a  satellite 
in  its  orbit  by  use  of  geomagnetic  torques.  Such  methods  Include  the 
Interactions  of  a  satellite  with  the  magnetic  field  where  the  satellite 
is  Induced  with  a  negative  potential  due  to  the  Interaction  with  ions  and 
electrons.  Another  proposed  method  is  the  use  of  a  self -generated  magnetic 
field.  The  iise  of  em  attitude  control  motor  which  generates  a  torque  by 
the  action  of  the  Earth's  meignetlc  field  on  electric  ciirrents  in  the  satel¬ 
lite  is  reported. 

Methods  are  also  reported  for  space  vehicle  stabilization  by  the  use 
of  focused  solar  radiation  pressxire.  The  radiation  pressure  forces  are 
studied  and  the  mEignltude  of  the  Intermittent  acceleration  which  results 
from  the  eclipsing  of  the  satellite  by  the  earth  is  discussed. 

The  main  perturbations  of  a  satellite  orbit  near  the  eeu^'th  are  those 
caused  by  the  Earth's  oblateness  and  the  atmosphere. 

The  pertuihatlons  of  Earth  satellite  orbits  by  the  gravitational 
attraction  of  the  sun  or  the  moon  are  also  discussed. 

This  bibliography  reflects  the  holdings  of  the  Technical  Information 
Center,  Lockheed  Missiles  &  Space  Company.  Other  sources  used  were: 

ARS  Journal  1943-I96I 

Aero-Space  Science  1953-1961 

Battelle  Technical  Review  I958-I96I 

REIC  Access  List  1957-1961 

SPL  Astronautics  Information  1953-1961 
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1*  Mans,  J.  J.,  and  Brlssenden,  R.  F. 

SAmLITE  ATTITUDE  CONIROL  USING  A  COMBINATION 
OP  INERTIA  WHEELS  AND  A  BAR  MAGNET.  Noveniber 
i960,  42p.  U.  S.,  NASA  TN  D-626. 

Study  considering  the  use  of  Inertia  wheels  In  combination  with  a  permanent 
bar  meignet  to  supply  control  torques  for  a  satellite.  A  command  equation  for 
the  Inertia-wheel  control  system  Is  derived.  A  three -degree -of -freedom 
study  Indicates  that  Inertia  coupling  and  precession  coupling  have  only 
small  effects  on  the  resxilts.  The  use  of  a  bar  magnet  to  supply  the 
necessary  trimming  moments  to  remove  the  momentum  Introduced  Into  the  system 
by  aerodynamic  moments  was  found  to  be  successful  In  a  typical  case  of  a 
satellite  In  orbit.  It  Is  found  that  an  error  signal  that  consists. of  the  sum 
of  the  attitude  error,  the  attitude  rate,  and  the  Integral  of  the  attitude 
error  commanding  the  angular  velocity  of  the  wheel  can  give  good  dynamic 
response  and  precise  control.  Single-degree -of -freedom  bench  tests  generally 
verified  the  dynamic  response  predicted  by  the  analytical  study  and  desioiiBtrated 
control  within  ^  9  arc -seconds  of  the  reference  attitude. 


2.  Mams,  J.  J.,  and  Chilton,  R.  G. 

A  WEIGHT  COMPARISON  OP  SEVERAL  ATTITUDE 
CONTROLS  FOR  SATELLITES.  National 
Aeronautics  and  Space  administration, 

Washington,  D.  C.  NASA  Memo  12-30-^9L. 

February  1959. 

A  brief  theoretical  study  has  been  mMe  for  the  purpose  of  estimating  and 
comparing  the  weights  of  three  different  types  of  controls  that  can  be 
used  to  change  the  attitude  of  a  satellite.  Die  three  types  of  controls  are 
Jet  reeuitlon.  Inertia  wheel,  and  a  magnetic  bar  which  Intereusts  with  the 
magnetic  field  of  the  earth.  An  Idealized  task  idilch  Imposed  severe  require¬ 
ments  on  the  angular  motion  of  the  satellite  was  used  as  the  basis  for  com¬ 
parison.  The  results  showed  that  a  control  for  one  axis  can  be  devised 
idiose  weight  will  be  less  than  1^  of  the  total  weight  of  the  satellite.  The 
inertia-wheel  system  offers  weight-saving  possibilities  If  a  large  number  of 
cycles  of  operation  are  required;  whereas  the  jet  system  would  be  preferred 
If  a  limited  number  of  cycles  are  required.  The  magnetic -bar  control  requires 
such  a  large  magnet  that  It  Is  impractical  for  the  example  application  but 
might  be  of  value  for  supplying  small  trinnlng  moaients  about  certain  axes . 
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3-  Allen,  D.W. 

Reversals  of  the  earth's  magnetic  field. 

NATURE  (LONDON)  v.  l82,  p.  i^67-70, 

Aug  1958. 

Numerical  integration  of  the  equations  for  tvo  disk  dynamos  coupled  to  one 
another  shows  that  reversals  of  the  current  in  their  coils  can  occvir  under  a 
wide  range  of  conditions.  Some  implications  of  this  result  in  connection 
with  reversals  of  the  earth's  magnetic  field  are  considered. 


4.  EXPLORER  lV-1958  EPSILON  ORBITAL  DATA 

SERIES,  ISSUE  6.  Army  Ballistic  Missile 
Agency,  Redstone  Arsenal,  Ala.  Smithsonian 
Institution,  Astrophysical  Observatory, 

Cambridge,  Mass.  v.  1  of  6,  Nov  1959* 

The  complete  ephemeris  for  Explorer  IV-1958  Epsilon  is  included  in  this  volume 
and  continued  in  volumes  2,  3>  4,  and  5-  The  satellite-velocity  vector  is 
Included.  The  magnetic -field  vector  is  also  tabulated,  based  on  the  most 
detailed  description  presently  available  for  the  magnetic  field  of  the  earth. 


5.  Augenstein,  B.W. 

DYNAMIC  PROBLEMS  ASSOCIATED  WITH  SATELLITE 
ORBIT  CONTROL.  Lockheed  Aircraft  Corp., 

Missiles  and  Space  Division,  Palo  Alto, 

Calif.  (Presented  at  the  Aviation  Confer¬ 
ence  of  the  American  Society  of  Mechanical 
Engineers,  los  Angeles,  Calif.)  Paper  59- 
AV-4,  March  9-12,  1959- 

The  magnitudes  of  Impulsive  applications  of  force  required  to  perturb  the 
satellite  orbit  by  desired  amounts  Is  calculated  for  some  typical  cases, 
under  the  assumption  of  a  central  force  field.  From  these  resiUts,  the 
case  of  continuously  applied  forces  may  be  derived.  The  treatment  is 
perfectly  general  emd  permits  analysis  of  the  effects  of  eurbitreuy  initial 
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5»  (cont'd)  conical  motion.  For  a  few  typical  cases,  the  corresponding 
requirements  of  propellant  consumption  of  chemical  rockets  Is  shown. 


6.  Arendt,  P.R. 

Anomalies  of  the  geomagnetic  retardation 
of  the  spin  of  satellite  Vanguard  I  (1958 
BETA).  ARS.  J.  V.  31,  P-  286-289,  22  refs., 

Mar  1961. 

Study  of  anomalies,  indicated  by  continuous  observations  of  the  spin  rate 
decay  of  satellite  Vanguard  I  (Beta  1958),  that  do  not  fit  into  the  picture 
developed  from  the  theory  of  exponential  magnetic  damping  by  eddy  currents. 


7*  Bandeen,  W.R. ,  Manager,  W.P. 

ANGULAR  MOTION  OF  THE  SPIN  AXIS  OP  THE  TIROS  I 
METEOROLOGICAL  SATELLITE  DUE  TO  MAGNETIC  AND 
GRAVITATIONAL  TORQUES.  National  Aeronautics 
and  Space  Administration,  Washington,  D.C. 

Rept.  TN-D-iJ71,  Apr  6I. 

The  Tiros  I  spin  axis  exhibited  an  unexpected  angular  motion  of  as  much  as 
3  to  5  deg  per  day,  reaching  a  southernmost  declination  of  -30  deg  some  22 
days  after  launch,  then  receding  northward  again.  The  effect  Is  well  explained 
by  considering  a  primary  torque  due  to  interaction  of  a  magnetic  dipole  along 
the  apin  axis  with  the  Earth's  magnetic  field,  and  a  secondary  torque  due  to 
differential  gravity  in  the  Earth's  gravitational  field.  An  equation 
expressing  the  action  of  these  torques  was  run  on  a  computer,  employing  the 
initial  orbital  conditions,  and  the  computed  results  agree  closely  with  the 
observations.  On  May  27  a  pair  of  spin-up  rockets  on  the  satellite  was  fired, 
increasing  the  angular  velocity;  greater  stability  of  the  spin  axis  tes  been 
noted  subsequently. 


8.  Beard,  D.B. ,  Johnson,  F.S. 

Charge  and  magnetic  field  interaction  with 
satellites.  JOURNAL  OF  GEOPHYSICAL  RESEARCH, 

Washington,  D.C.,  v.  65,  n.  1,  p.  1-7,  Jan  i960. 
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The  Interaction  of  a  satellite  with  the  magnetic  field  of  the  earth  emd  the 
Ionized  medlm  through  vhlch  it  is  moving  has  been  investigated.  Owing  to 
the  differing  Incident  velocities  of  Ions  ond  electrons  and  therefore 
differing  flux  Intensities,  a  negative  potential  will  be  Induced  on  the 
satellite,  but  It  Is  smaller  them  has  previously  been  believed.  Satellite  notion 
across  the  magnetic  lines  of  the  earth  will  induce  a  voltage  on  the  satellite 
of  as  much  as  0.2  volt  per  meter  of  satellite  size,  and  this  may  affect  the 
interpretation  of  measurements  of  satellite  potential.  The  magnetic  drag 
resulting  from  the  induced  currents  is  proportional  to  the  cube  of  the 
satellite  dimensions  and  may  exceed  the  mass  drag  for  satellites  larger  than 
50m  in  diameter;  this  can  occur  above  1200  km  altitude,  where  the  charge 
density  exceeds  the  neutral  density.  Thus  the  magnetically  Induced  current 
is  an  Insignificant  cause  of  drag.  Although  some  useful  power  can  be 
extracted  from  the  Induced  current.  It  is  not  a  very  premising  source  of 
auxiliary  power  for  presently  conceived  vehicles. 


9.  Seller,  W. 

Magnetic  field  to  slow  spacecraft.  MISSILES 

AND  ROCKETS,  v.  8,  n.  8,  p.  26-27,  Feb  I96I. 

Tbe  use  of  a  self -generated  magnetic  field  is  being  proposed  as  a  method  of 
slowing  down  a  spacecraft  while  It  is  In  a  low  orbit  or  re-entering. 


10.  Blltlzer,  L. 

THE  ORBIT  OF  A  SATELLITE  IN  IHE  GRAVITATIONAL 

FIELD  OF  THE  EARTH.  Space  Technology  Labs., 

Inc.  TR -60-0000-00264,  72p.  August  i960. 

A  pertxirbatlon  technique  has  been  employed  to  calculate  the  orbit  of  a 
satellite,  taking  Into  account  the  effects  of  the  seccod,  third,  and  fourth 
harmonies  In  the  potential  function  for  the  oblate  earth. 


11.  Bryant,  R.  W. 

THE  EFFECT  OF  SOLAR  RADIATION  PRESSURE  ON  THE 
MOTION  OF  AN  ARTIFICIAL  SATELLITE,  National 
Aeronautics  and  Space  Admlnlstratioa.  8p.  Sept.  I96I. 
(NASA  TECHNICAL  NOTE  D-IO63) 
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The  effects  of  solar  radiation  presBnre  on  the  motion  of  an  artificial  satellite 
€u:e  obtained,  Including  the  effects  of  the  intermittent  acceleration  which 
results  from  the  eclipsing  of  the  satellite  by  the  earth.  Vectoried  methods 
have  been  utilized  to  obtain  the  nonlinear  equations  describing  the  motion 
and  the  method  of  Kryloff-Bogolluboff  has  been  applied  In  their  solution. 


12.  Chapman,  S. 

regul;®  motions  in  the  ionosphere:  electric 

AND  MAGNETIC  RELATIONSHIP.  High  Altitude 
Observatory,  Boulder,  Colo.  l6p.  incl.  lllus. 

(Scientific  rept.  n.  35)  26  March  i960.  (Contract 
AF  19(6o4)-2140)  (AFCRL-641). 

Reprint  from  bull .  of  the  AMERICAN  METEOROLOGICAL 

SOCIETY,  V.  42,  n.  85,  p.lOO,  Feb.  I961. 

Regular  worldwide  motions  in  the  ionosphere  produce  daily  varying  currents 
thereby  dynamo  action  in  association  with  the  geomagnetic  field.  Tlie 
changing  field  of  these  currents  Induces  electric  currents  within  the 
earth.  At  the  earth's  surface,  the  combined  magnetic  field  of  these 
currents  is  measuired.  The  parts  of  primary  and  secondary  origin  con  be 
determined  separately.  The  form  and  intensity  of  the  ionospheric  currents 
can  be  found.  Their  height  is  inferred  from  the  study  of  the  ionospheric 
electron  density  and  conductivity;  it  can  also  be  measured  by  rockets . 

The  daily  varying  airflow  in  the  layer  bearing  the  electric  current,  at 
heights  from  about  90  to  125  km,  can  to  some  extent  be  inferred.  The 
motion  is  due  partly  to  the  sun's  thermal  and  tidal  action  and  partly  to 
the  moon's  tidal  action.  Many  aspects  of  the  magnetic  variations  and  the 
Inferred  ionospheric  motions  are  considered  in  some  detail,  especially  their 
seasonal  and  sunspot-cycle  changes  and  their  variations  from  day  to  day. 

13.  Chatter Jee,  J.  S. 

Meignetic  dlstiurbances  and  the  earth's  magnetic 
field.  JOUIiNAL  OF  GEOPHYSICAL  RESEARCH,  v.  66, 
n.  5,  P.  1535-1546,  May  l«»6l. 

An  attempt  is  meide  to  explain  the  origin  of  the  observed  magnetic  field  of  the 
Earth  as  a  current  system  being  maintained  by  world-wide  magnetic  disturbances. 
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lU.  Cohen,  C.  J.,  Frick,  C.  H.,  and  Bresaler,  B.  L. 

EFFECTS  OF  MAGNUS  FORCE  ON  AN  EARTO  SATELLITE. 

U.  S.  Naval  Proving  Orovind,  Dafiigren,  Va. 

Technical  Memoraudum  No.  K-22/58,  December  1958* 

The  magnitude  of  the  Magnus  force  on  a  spherical  .satellite  and  the  effect  of 
this  force  on  the  orbit  of  the  satellite  are  examined.  The  Magnus  force  was 
computed  under  the  assumption  l.hat  the  free -stream  flow  impinges  upon  the 
body  and  becomes  attached.  It.  Is  shown  that  the  Magnus  force  on  a  satellite 
(at  a  height  of  100  miles  and  spinning  at  i8q  rpn)  Is  negligible  when  com¬ 
pared  to  the  force  of  gravity,  about  2  x  10“®  times  the  gravity  force. 


15*  Conrath,  B.  J. 

A  HANDBOOK  (JF  THE  CELFJSTlAL  MECHANICS  OF 

EARTH  SATELLITES.  Iowa,  State  University  of, 

Iowa  City,  August,  1959.  SUI  59-31. 

The  motions  of  Earth  satellites  are  affected  by  several  factors.  Those 
considered  In  this  report,  are:  deviations  from  the  desired  Initial  orbit  due 
to  deviations  from  desired  Initial  conditions;  perturbations  due  bo  atmos¬ 
pheric  effects . 

A  brief  discussion  of  th<j  derivations  required  in  each  case  is  presented  with 
the  results  suimnarlzed  In  a  form  which  can  be  applied  to  specific  cases. 

l6.  DeBra,  D.  B. 

OBE  EFFEtrr  OF  AERODYNAMIC  FORCEJl  ON  :3ATl!:iI.ITE 
ATTITUDE  (Presented  at  the  Western  Regional 
Meeting,  Stanford  University,  I’alo  Alto,  Citllf. 

Lockheed  Aircraft  Corp.,  Missiles  and  Space 
Division,  Sunnyvale,  Calif.  American  AstronautlceO. 

Society,  Palo  Alto,  Calif.  August  18-19,  1958. 

56-32. 
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The  effects  of  torques  due  to  aerodynamic  drag  and  the  gravity  gradient  are 
computed  for  satellites  orbiting  between  8o  and  375  ml  eJ.tltude.  Motion 
about  the  pitch  axis  Ic  also  discussed.  The  equilibrium  position  Is 
determined  as  a  function  of  altitude  for  both  a  dumbbell  and  a  cyllndrlcally 
shaped  object.  The  equilibrium  position  of  the  cylindrical  object  In  three 
dimensions  Is  discussed  as  a  function  of  altitude.  Equations  ere  presented 
In  an  appendix. 


17.  Debrunner,  H.,  and  Iloutermans,  F.  G. 

CQRREL/ariOH  BETWEEN  FQRBUSH  DECREASES  OF 

COSMIC  RADIATION  AND  SATEU.ITE  DRAG.  (Bern 

Unlversltat,  Swltz.).  Space  Research.  First 

International  Space  Science  Symposium,  Proc., 

Hllde  Kallmann  Bljl,  ed.  p.  37-*^5,  I960. 

Data  published  by  Jacchla  on  the  secular  acceleration  of  artificial  earth 
satellites  are  compared  with  Forbush  decreases  In  cosmic  radiation  Intensity 
recorded  over  the  same  period  by  means  of  double  Simpson-type  neutron  monitor 
piles.  A  strong  correlation  Is  shown  between  these  cosmic-ray  Intensity 
variations  and  the  drag  on  satellites.  The  Forbush  decreases  (known  to 
correlate  strongly  with  sun  spot  activity,  terrestially  observed  magnetic 
storms  and  the  Intensity  of  radlo-nolse  bursts  from  the  sxm)  seem  to  be 
caused  by  an  additional  shielding  of  Interstellar  cosmic  radiation  due 
to  magnetic  changes  In  the  two  Von  Allen  radiation  belts .  The  additional 
satellite  drag  probably  Is  due  to  an  increase  of  the  altitude  of  a  given  gaf; 
density  level  resultlxig  fron  the  additional  heating  of  the  upper  atmosphere 
by  corpuscular  radiation  emitted  from  the  sun,  following  solar  negnetlc 
disturbances . 


l8.  De  Orus,  J.  J. 

ON  THE  APPARENT  MOTION  OF  AN  EARTH’S  ARTIFICIAL 
SATELLITE  (Presented  at  the  Tenth  Annual  Congress 
of  the  International  Astronautical  Federation, 
London,  August  30-September  5»  1959.  Spain, 
Fabra  Observatory,  Barcelona. 
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It  is  pointed  out  that  a  primary  problem  in  radio  observati-ons  of  an  artificial 
satellite  is  determining  the  time  when  the  natelilte  is  at  its  minimum 
distance  from  a  determined  Earth  station.  'Ihls  time  calculation  is  simplified 
owing  to  the  feeble  flattening  of  the  terrestrial  globe  and  the  slight  relation 
between  the  periods  of  revolution  of  the  satellite  and  the  Earth's  rotation. 


19*  DlTEO'anto,  R.  A.,  and  Lamb,  J.  J. 

The  space  environment  -  A  preliminary  study. 

ELECTRICAL  MANUFACTURING,  v.  62,  n.  4, 

(Acc.  n.  14671)  Oct  1958- 

Analysis  of  natural  environments  in  space  (above  75^000  feet)  as  they 
affect  future  equipment  design.  Anticipated  values  are  established  for 
atmospheric  composition,  pressure,  solar  radiation,  ozone,  dissociated  gases, 
aurorae,  ionized  gases,  solid  partlcle.o,  imd  the  earth's  magnetic  field. 


20.  Dolglnov,  S.  Sh.,  and  l\ishkov,  N.  V. 

SOME  USSR  RESULTS  OBTAINED  BY  MEASURING  THE 

MAGNETIC  FIELD  OF  THE  EARTH  WITH  A  SPACE 

ROCKET.  (Doklady  Akademli  Nauk,  SSSR,  v.  139, 

n.  1,  November/December  1959)-  U.  S.  Dept,  of 

Commerce,  Washington,  D.  C.,  Office  of  Technical 

Services,  OTS;  60-31,013,  U.  S.  Joint  itibllcatlons 

Research  Service,  New  York,  N.  Y.,  jraS:L-198l-D. 

The  data  of  the  magnetic  measurements  obtained  with  a  space  rocket  indicate 
the  usefulness  of  the  theories  eillovlng  the  emergency  of  external  sources  of 
the  magnetic  field  at  distances  of  several  radii  from  the  center  of  the  Earth. 


21.  Doolln,  B.  F. 

GRAVITY  T(»QUE  ON  AN  ORBITING  VEHICLE. 

National  Aeronautics  and  Space  Administration, 

Ames  Research,  Moffett  Field,  Calif.  1959-  NASA  TND-70. 
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The  potential  energy  of  a  small  body  moving  under  the  Influence  of  only  the 
earth's  gravity  field  Is  derived.  It  is  shown  that  the  effects  of  the  earth 
and  body  oblateness  are  separate  to  terms  of  second  order  In  the  potential 
energy  function.  The  Invariance  of  the  potential  energy  under  orthogonal 
tremsformatlons  Is  discussed  and  Is  \ised  to  simplify  calculations  of  the 
terms  In  the  potential  fxmctlon.  The  equations  of  the  motion  of  the  vehicle 
are  obtained  In  generalized^  and  In  body  coordinates .  The  components  of 
torque  In  body  coordinates  are  obtained  by  a  transformation  determined  by 
the  invariance  of  rotational  power.  Two  applications  of  the  equations  of 
motion  In  body  coordinates  are  made.  First  It  Is  shown  that  an  energy 
Integral  does  not  exist  for  these  equations  since  they  are  derived  with 
respect  to  the  satellite  mass  center.  Then  the  equations  are  apid.led  In 
simplified  form  to  an  examination  of  the  stability  of  a  vehicle  la  a  clrouLar 
orbit . 


22.  Doolln,  B.  F.,  and  Triplett,  W.  C. 

THE  IMFLUENCE  OF  CKAVITY  ON  THE  MOTION  OF  AN 
EARIH  SATEILLITE.  National  Aeronautics  and 
Space  Administration,  Ames  Besearch  Center, 

Moffett  Field,  Calif.  (Presented  at  the  6th 
National  Annual  Meeting  of  the  American 
Astronautlcal  Society,  January  18-21,  i960, 

N.  Y.)  Preprint  n.  6o-3*^. 

This  paper  contains  some  results  of  a  study  of  the  effect  of  gravity  torque 
on  the  angular  motion  of  a  near-Earth  satellite.  To  be  s\ire,  gravity  Is 
not  the  only  source  of  disturbance  for  the  vehicle;  however,  since  for  many 
year  missions,  satellites  will  be  required  either  to  point  towards  the 
Earth  or  to  hold  a  fixed  heading  for  extended  periods  of  time,  it  la  of 
Interest  to  know  to  what  extent  the  gravity  torque  can  be  used  for  orienta¬ 
tion  control  or  reference,  or  how  much  power  should  be  available  to  overcom 
It. 


23.  Ellis,  G.  A.,  and  Diana,  A.  C. 

MOTION  OF  A  SATELLITE  ABOUT  THE  EARTH-MOON 

SEXTILE  POINTS.  RCLS  TM-60-I,  l8p.  September  i960. 

The  motion  of  a  selenold  In  the  neighborhood  of  the  sextlle  point  under  the 
simultaneous  Influence  of  the  gravitational  fields  of  the  earth  and  moon  has 
been  Investigated. 
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2U.  ELlis,  G.  R.  A. 

Geomagnetic  mlcropulBations . 

AUSTRALIAN  JOURNAL  OF  PHYSICS. 

V.  13,  n.  4,  pp.  625-632,  Dec  i960. 

This  paper  presents  the  results  of  a  series  of  observations  over  a  range  of 
geomagnetic  latitudes  extending  from  26  to  51  deg  S  for  the  period  of 
September  1959  to  April  i960.  It  is  shown  that  there  is  no  observable  change 
In  the  micropulsation  period  with  latitude,  although  there  is  a  monotonic 
increase  In  the  amplitude  for  all  periods  between  10  and  100  sec.  G3ie  Inter¬ 
pretation  of  these  results  in  terms  of  existing  theories  is  discussed. 


25.  Fain,  W.  W.,  and  Greer,  B.  J. 

Electrically  charged  bodies  moving  in  the 
earth's  nagnetic  field.  ARS  J.,  v.  29, 
n.  6,  p.  451-453,  Jun  1959. 

An  investigation  was  initiated  to  determine  the  effect  on  the  path  of 
electrically  charged  bodies  moving  in  the  Earth's  magnetic  field.  The  study 
is  applicable  to:  1)  Perturbation  in  satellite  orbits  (charging  the  satellite 
can  be  used  to  afford  a  small  measure  of  control  over  the  orbit).  2)  The 
effect  on  the  path  of  a  rocket  fired  from  the  Eajrth.  3)  The  effect  on  charged 
pajrticles  entering  the  Earth's  magnetic  field. 

26.  Freed,  L.  £. 

ATTITUDE  CONTROL  SYSTEM  FOR  A  SPINNING  BODY 
(Presented  at  the  National  lAS/ARS  Joint 
Meeting,  Los  Angeles,  Calif.,  June  I3-I6, 

1961).  (Space  Technology  Laboratories,  Inc., 

Los  Angeles,  Calif.)  American  Rocket  Society, 

Inc.,  New  York,  N  Y.  6I-207-I9OI. 

An  attitude  control  system  for  a  spltuilng  body  that  is  capable  of  accurately 
stabilizing  the  attitude  of  the  spin  axis  under  the  influence  of  load  torque 
impulses  is  presented.  The  transient  response  and  steady-state  behavior  of 
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the  system  under  various  torque  loading  conditions  ere  enalyzed.  A  ccmiparlBon 
Is  made  between  the  performance  obtained  with  the  spinning  body  control  system 
for  a  nonspinning  body.  The  analysis  Is  carried  out  In  terms  of  coordinates 
that  are  complex  functions  of  time.  Some  mathematical  simplification  results 
from  this  procedure.  The  spinning -body  attitude -control  system,  under  the 
constraints  of  the  assumptions  made,  Is  shown  to  be  capable  of  performance 
to  that  of  a  nonspinning -body  control  system.  However,  the  splnnlng-body 
control  system  Is  generally  more  dlfflciilt  to  mechanize. 


27-  Frye,  W.  E.,  end  Stearns,  E.  V.  B. 

Stabilization  and  attitude  control  of  satellite 
vehicles.  ARS  J.,  v.  29,  n.  12,  p.  927-930, 

Dec  1959- 

The  status  of  concepts  and  techniques  In  the  field  of  satellite  attitude 
control  and  stabilization  as  reflected  In  the  open  literature  of  the  last 
five  years  Is  reviewed.  Stabilization  by  means  of  the  gravity  gradient, 
aerodynamic  torques  and  radiation  pressure  is  examined.  Varloxis  attitude 
sensors  and  torque  generators  are  discussed.  The  sources  of  distributing 
torques  are  briefly  summarized. 


26.  GarfJnkel,  B. 

ON  THE  MOTION  OF  A  SATELLITE  OF  AN  OBLATE 
FLANET.  Aberdeen  Proving  Ground,  Md., 

Ballistic  Research  Laboratories,  Report  N.  1018, 

July  1957. 

An  approximate  orbit  is  here  defined  by  the  potential  function 
Vq  s  —  ^  /r  -  3k  (sin^e  —  cos^i)  /a(l  —  e^)  r^ 

with 

^  :  1  —  3k  fl  —  3/2  Bln^l]  /a^(l  —  e^)  3/2 

where  r  is  the  radius  vector,  0  is  the  complement  of  the  polar  angle,  a,  e, 
and  1  are  constants  analogoxis  to  the  usual  elliptic  elements,  and  k  Is  the 
equatorial  bulge  constant.  The  choice  of  Vq  leads  to  a  simple  closed  solution, 
free  from  edl  secxilar  perturbations.  TSie  longitude  la  affected  by  a  long- 
period  perturbation  of  amplitude 
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3e^  Vl  —  ^  Gln2t/l6  [^1.  —  5A  sln^lj 

iriilch  nust  be  applied  as  an  orbit  correction  of  the  value  of  the  Inclination 
Is  In  the  neighborhood  of  the  resonance  value  630.4.  The  remaining  perturba¬ 
tions  in  stations  ore  planned  for  the  Arctic .  Iliese  stations  must  be  shielded 
from  civilization  by  terrain,  llie  reason  for  this  Is  the  necessity  of  malntsinlBg 
an  extremely  low  ambient  noise  level  In  the  vicinity  of  the  station.  In  this 
report  the  facilities  necessary  for  successful  operation  of  these  stations 
are  outlined. 


29.  Gedeon,  G.  S. 

ORBITAL  MECHANICS  OP  SATELLITES  (Presented 
at  the  Western  Regional  Meeting,  Stemford 
University,  Palo  Alto,  Calif.,  August  18-I9, 

1958).  Chance  Vought  Aircraft,  Inc.,  Dallas, 

Texas  American  Astronautlcal  Society,  FeU.o  Alto, 

Calif.  58-19. 

ISie  problem  associated  with  placing  a  satellite  Into  a  particular  orbit,  either 
from  a  boost  trajectory,  or  from  another  orbit,  can  be  solved  by  well-known 
equations.  However,  the  solutions  are  often  cumbersome  due  to  the  transcendental 
nature  of  the  equations.  In  this  paper  a  set  of  explicit  relations  Is  presented, 
which  permits  the  direct  solution  of  the  problem  of  either  determining  the  orbit 
from  a  given  set  of  Initial  conditions,  or  of  determining  the  Initial  conditions 
required  to  obtain  a  given  orbit.  These  relations  are  presented  on  charts  for 
convenience.  Also  treated  Is  the  problem  of  transfer  between  elliptic  orbits 
idilch  do  not  Intersect.  The  treatment  Is  a  generalization  of  the  Hohman  trans¬ 
fer  ellipse  problem  In  the  sense  that  the  Initial  and  final  conditions  are  not 
concentric  circles,  but  rather,  confocal  ellipses  with  skewed  ecces.  nie 
numerical  examples,  which  were  obtained  with  high-speed  digital  computers, 
show  that  the  orbiting  target  can  be  Intercepted  only  If  the  Interceptor  and 
the  target  are  In  proper  Juxtaposition.  The  ccmdltloos  for  proper  Juxtaposition 
are  discussed. 


30.  Qeyllng,  F.  T. 

Fundamental  satellite  perturbations.  ARS  J., 
V.  30,  n.  11,  p.  1009-1012,  Nov.  i960. 
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A  brief  exposition,  from  an  elementary  point  of  view,  Is  gjven  for  some  basic 
satellite  perturbations .  The  treatment  serves  to  generate  Independent  checks 
of  formal  results  from  more  elaborate  analyses  and  to  establish  a  direct  rela¬ 
tion  of  these  results  to  physical  principles.  Attention  Is  given  to  In-plane 
and  precesslonal  perturbations  of  circular  orbits  resulting  from  oblateness, 
lunl-solar  gravitation  and  radiation  pressure.  Ihe  derivations  have  quan¬ 
titative  validity  and  may  be  extended  to  more  general  situations . 


31.  Geyllng,  F.  T. 

Satellite  perturbations  from  extraterrestrial 
gravitation  and  radiation  pressure.  FRANKLIN 
INSTITUTE,  JOURNAL  v.  269,  n.  5»  P.  375-407, 

May  i960. 

Die  equations  of  motion  of  a  satellite  are  written  In  terms  of  displacement 
components  relative  to  the  unperturbed,  elliptic  orbit.  A  moving  system  of 
coordinates  is  used  which  consists  of  an  orthogonal  triad  idiose  orgln  is 
always  located  at  the  nominal  satellite  position  on  the  elliptic  orbit. 


32.  Qraham,  E.  W.,  and  Beane,  B.  J. 

OPTIMUM  TRAJECTORIES  WITH  ATMOSPHERIC  RESISTANCE 
Douglas  Aircraft  Corp.,  Santa  Monica  Div.  Report 
n.  SM-23745,  November  1959* 

Problem  Involving  the  transfer  of  a  rocket  vehicle  fron  one  point  to  another 
with  minimum  fuel  expenditure  are  considered.  The  transfer  time  and  the  terminal 
velocity  vectors  are  specified. 

The  first  problem  studied  Is  one  In  which  atmospheric  resistance  Is  the  only 
external  force  acting  on  the  vehicle.  In  the  second  problem  both  atmospheric 
resistance  and  centrally  directed  gravitational  forces  are  included.  (The 
ease  in  \dilcb  centrally  directed  gravitational  forces  ore  the  only  forces 
appearing  has  been  considered  previously). 

In  all  cases  there  is  employed  a  translating  but  non-rotating  coordinate  system 
lAose  origin  follows  a  coasting  trajectory  between  the  terminal  points.  The 
linearized  perturbation  force  field  In  this  coordinate  system  Is  used.  Two 
different  methods  are  employed.  One  Is  a  method  of  bounds  which  yields  Informa¬ 
tion  which  is  general,  but  not  complete  or  precise.  In  the  second  method  the 
equations  of  motion  in  the  moving  coordinate  system  are  used  and  the  results 
are  more  precise  but  not  so  simple  and  general  in  their  application. 
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The  methods  are  by  no  means  Intended  to  replace  the  methods  of  variational 
calculus,  but  should  supplement  them  and  perhaps  provide  a  somewhat  different 
viewpoint  for  examining  such  problems .  Some  attempt  has  been  made  also  to 
obtain  a  physical  understanding  of  the  factors  which  determine  the  desirability 
of  using  intermediate  Impulses  in  some  cases  while  terminal  impulses  alone 
are  optimum  in  other  cases . 


33‘  Grasshoff,  L.  H. 

A  method  for  controlling  the  attitude  of  a 
spin -stabilized  satellite.  ARS  J.,  v.  31> 

p.  646-649,  May  1961. 

Presentation  of  a  method  for  applying  controlled  torque  to  a  satellite  spin 
axis.  A  current-carrying  coll  is  placed  around  or  on  the  satellite,  such 
that  the  magnetic  axis  of  the  coil  is  parallel  to  the  spin  axis .  By 
appropriate  switching  of  the  coll  current,  torques  may  be  generated  which 
average  zero  about  our  transverse  axis  but  have  a  net  value  about  the  other 
transverse  axis .  Die  required  groiuid  computational  program  is  outlined,  and 
a  possible  system  configuration  for  spin-axis  attitude  control  Is  proposed. 


34.  (hrasshoff,  L.  H. 

Eddy  current  torque  compensation  in  a  spin 
stabilized  earth  satellite.  ARS  J.,  v.  31> 
p.  290-293,  Mar  1961. 

Analysis  demonstrating  the  feasibility  of  compensating  for  eddy  current 
torque  by  electromagnetic  means .  The  vector  torque  produced  by  eddy  currents 
in  a  conducting  body  rotating  in  the  earth's  magnetic  field  bears  a  unique 
relation  to  the  spin  vector  and  the  field  vector.  A  simple  coil  arrangement 
is  discussed  which  produces  a  vector  torque  and  effectively  cancels  the  eddy 
current  torque,  thus  eliminating  the  spin  decay  and  precession  due  to  induced 
eddy  currents. 


35.  (hrazley,  C.  Jr.,  Kellogg,  W.  W.,  and  Vestine,  E.  H. 

SPACE  VEHICLE  ENVIRONMEMT.  Rand  Corp.,  Report 
P-1335,  (Rev.;,  58p-  (tl3  R15r  Contin.)  June  1959- 
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Effects  of  solar  and  other  theimal  radiations  on  vehicle  temperature,  the 
characteristics  of  the  Earth's  mo^etic  fields  and  other  magnetic  fields  in 
space,  the  Earth's  exosphere  and  the  solar  corona,  cosmic  rays,  and  Mtacroids. 


36.  Hevltt,  M.  H. 

Angular  displacement  of  a  magnetized  sphere  by  the 
terrestrial  magnetic  field  during  vertical  descent. 

ARS  J.,  V.  30,  n.  6,  p.  558,  Jun  i960. 

Xhe  angular  displacement  bounds  of  a  sphere  with  a  magnetic  dipole  field  are 
given  for  free-fall  vertical  descent  In  Earth's  gravitational  and  magnetic 
fields.  Effects  of  the  atmosphere  are  neglected,  and  Earth  is  assuaad 
spherical.  Ihe  terrestrial  magnetic  field  is  treated  as  tha  field  frcai  a 
dipole  situated  at  Earth's  center. 


37 .  Hibbard,  R.  R. 

Attitude  stabilization  using  focused  radiation 

pressure.  ARS  J.,  v.  31,  P*  8^**-  Juc  I96I. 

Discussion  of  a  space  vehicle  attitude  stabilization  systen  using  focused 
solar  radiation  pressure.  The  radiation  pressure  forces  are  studied  and 
the  magnltiide  of  the  correcting  torqpes  is  analyzed. 


38.  Holl,  H.  B. 

THE  EFFECT  OF  RADIATIOR  FORCE  ON  SATELLITES  OF 
CONVEX  SHAPE.  National  Aeronautics  and  Space 
Administration,  Wash.,  D.  C.  TN  D-6o4. 

These  studies  vere  made  for  application  to  computations  of  both  a  satellite's 
attitude  and  trajectory,  which  are  to  take  Into  account  the  effects  of  the 
radiation  pressure.  The  radiation  force  acting  on  a  body  Is  a  function  of 
certain  physical  properties,  of  which  the  refectlvlty  of  the  bodies  surface 
Is  the  most  important.  The  force  F  can  be  expressed  In  the  form:  F  =  PqX  A  x 
Cf  .  A  means  the  projected  area  of  the  body,  and  Pq  Is  the  radiation  pressure 
in  the  vicinity  of  the  Earth.  The  function  Cj.  was  Introduced  in  analogy  to  the 
aerodynamic  expressions  for  the  drag,  and  may  be  called  the  'radiation  force 
coefficient".  The  purpose  of  this  report  was  to  derive  accurate  formulas  and 
limits  for  the  radiation  force  coefficient  for  certain  convex  bodies.  For 
Inflnlt  bodies,  the  result  Is  that  Cf  is  limited  by;  0  CCf  »  2. 
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39*  Ives,  N.  E. 

THE  EFFECT  OF  SOLAR  RADIATION  PRESSURE  ON  THE 
ATTITUDE  CONTROL  OF  AN  ARTIFICIAL  EARTH 
SATELLITE.  Royal  Aircraft  Establishment 
(GT.  BRIT.)  AD-260  652,  (Tech,  note  n.  OW-57O) 

April  1961. 

An  account  is  presented  of  the  demand  made  by  solar  radiation  pressure  on  the 
attitude  control  system  of  an  Earth  satellite  whose  external  configuration  is 
in  the  shape  of  a  rectangular  prism,  the  surfaces  being  assumed  to  be  perfectly 
reflecting.  Expressions  determining  the  amount  of  angular  Impulse  that  must 
be  supplied  by  an  attitude  control  system  in  the  course  of  a  year  in  order  to 
provide  perfect  stabilization  for  a  space-stabilized  satellite,  and  an  Earth- 
pointing  satellite  in  a  non -pre cessing  orbit,  are  developed.  Examples  are 
given  for  particular  cases  and  further  examples  Include  a  comparison  of  the 
radiation  pressure  torque  with  the  torque  set  up  by  the  Earth's  gravitational 
field,  and  the  attitude  deviations  arising  aa  a  result  of  radiation  pressure 
on  an  Earth-pointing  satellite  employing  gravity  gradient  stabilization  alone. 


UO.  Ives,  N.  E. 

PRINCIPLES  OF  ATTITUDE  CONTROL  OF  ARTIFICIAL 
SATELLITES.  Great  Britain,  Royal  Aircraft 
Establishment,  Farnborough.  TH  G.W, 

November  1959* 

The  equations  of  attitude  motion  are  derived  for  small  angular  displacements 
from  the  equilibrlvun  position  of  an  Earth -pointing  satellite  employing  reaction 
flywheel  damping.  This  is  followed  by  a  discussion  on  the  attitude  control 
of  a  space-stabilized  satellite,  with  particular  reference  to  attitude  con¬ 
trol  against  the  gravitational  torque  due  to  the  Earth  and  the  use  of  reaction- 
jets  for  the  control  of  a  spherical  satellite  configuration;  finally,  a  single 
plane  analytical  account  is  given  of  a  method  of  eliminating  any  undesirable 
angular  momentum  which  the  satellite  may  possess  iBBWdiately  as  it  leaves  the 
carrier  missile  for  its  future  orbit. 


Ul.  Jacchla,  L.  G. 

Corpuscular  reuilatlon  emd  the  acceleration  of 
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It 


artificial  satellltee.  NATURE  (L0N1X)N) 

V.  183,  p.  1662-3,  Jun  1959. 

Tha  orbital  accelaratlonB  of  satellites  19^6  2  and  19^  1  show  a  close  cor- 
ralatlon  with  10. 7  cm  solar  radio  flux.  Tvo  distinct  Irregulartles  In  tha 
curve  for  1938  1  coincide  with  tha  only  grant  gaomagnatlc  dlstxirbancas 
occurring  In  the  lifetime  of  tha  objact.  It  Is  suggastad  that  thasa  Irragulairltlas 
aira  dua  to  tha  affect  of  a  solar  corpasoular  stream  oa  tha  atmoapharic  danalty 
at  a  half^t  of  200  km. 


Jeflmenko,  0. 

Effect  of  the  Earth's  magnetic  field  on  the 

motion  of  an  artlflclcd  satellite.  AMBR. 

J.  PKS.,  V.  27,  n.  5,  p.  344-8,  May  1959* 

The  effect  when  moving  In  a  circular  orbit  In  the  plane  of  the  magnetic 
aq]uator  of  the  earth  Is  discussed.  Approximate  formulae  for  the  current 
Induced  In  the  satellite  and  for  the  resulting  Induction  drag  are  obtained. 
Tha  current  In  a  conducting  satellite  of  an  average  size  at  an  altitude  of 
several  hundred  kilometers  is  estimated  to  be  of  the  order  of  mlUlaaperes . 
Tha  Induction  drag  may  exceed  the  friction  drag  for  sataUltas  of  large 
dlmanslona  and  for  elongated  satellites. 


43.  Kamm,  L.  J. 

Magnetorquer-  a  satellite  orientation  devtae. 

ARS  J.,  V.  31,  p.  813-815,  Jhn  1961. 

Analysis  of  an  attitude  control  motor  which  generates  a  torque  by  the  action 
of  the  earth's  magnetic  field  on  electric  currents  In  the  satellite.  Com¬ 
ponents  of  the  system  are  a  magnetometer  to  measure  the  earth's  field,  a  set 
of  colls  to  carry  the  current,  and  a  computer.  The  generation  of  the  torque 
Is  studied. 


44.  Kapus,  T.  E. 

SATELLITE  VEHICLE  NATURAL  RESTORINa  TORQUES. 
(HAA-SR-Memo-46l5)  (Atomics  International.  Dlv.  of 
North  America  Aviation,  Inc.,  Canoga  Park,  Calif.) 
p.  23,  November  1959. 
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The  natural  restoring  torques  on  a  satellite  vehicle  are  analyzed  with  a  3- 
dumbbell  configuration  approach,  nie  restilts  are  applied  to  the  case  of  a 
rectangular  parallele -piped  with  a  density  of  3  lb/ft3. 

Klng-Hele,  D.  0. 

Perturbations  of  the  orbit  of  a  satellite  near 
to  the  Berth.  ROYAL  SOCIETY,  PROCEEDINGS 
V.  248,  s.  A,  p.  55-62,  Oct.  1958. 

The  main  perturbations  of  a  satellite  orbit  near  the  earth  are  those  caused 
by  the  earth's  oblateness  and  the  atmosphere.  Fortunately  these  two  sources 
produce  perturbations  of  quite  different  types,  and  as  a  first  approximation 
they  C8U1  be  treated  separately,  though  the  cross -couplings  would  have  to  be 
evaluated  in  a  thorough  ancLlysls  of  the  subject. 


46.  Krafft,  A.  E. 

SPACE  FLIGHT.  I  ENVIRONMENT  AND  CELESTIAL 

MECHANICS.  VI.  513  PP*  D*  Von  Nostrand  Co., 

Inc.,  Princeton,  N.  J.  (UG  63O  M55p)»  I960. 

Utility  of  space  flight,  the  solar  system,  the  central  force  field,  the  orbit 
in  space,  and  perturbations  are  discussed. 

47.  Krause,  H.  G.  L. 

THE  SECULAR  AND  PERIODIC  PERTURBATIONS  OF  THE 
ORBIT  OF  AN  ARTIFICIAL  EARTH  SATELLITE. 

Army  Ballistic  Missile  Agency,  Redstone  Arsenal, 

Huntsville,  Ala.  September  1956. 

The  motion  of  an  earth  satellite  in  an  orbit  to  the  earth's  equator  is  investiga¬ 
ted.  Secular  perturbations  of  this  orbit  caused  by  the  oblateness  of  the 
earth  and  by  the  sun  and  moon  and  periodic  perturbations  caused  by 
the  atmosphere  of  the  earth  are  cuialyzed.  For  a  selected  orbit  of  a  earth 
satellite,  it  is  shown  numerically  which  secular  and  periodic  perturbations 
£u:e  the  most  important.  Furthermore,  for  a  nonstationary  orbit,  where  the 
atmospheric  resistance  has  still  relatively  great  Influence,  an  analytic  formula 
is  developed  for  the  computation  of  the  lifetime  of  the  satellite.  Numerical 
values  for  this  lifetime  ere  in  fairly  good  agreement  with  other  estimates . 
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46.  Lass,  H.,  and  Loreli,  J. 

SATELLITE  MOTION  ABOUi'  AN  UNSYMMETRICAL 
BODY.  Jet  Propulsion  Laboratory,  California 
Institute  of  Technology,  Pasadena,  External 
Publication  646,  May  1959- 

The  motion  of  a  satellite  is  obtained  in  explicit  closed  form  by  applying  the 
nonlinear  technique  of  Kryloff-Bogoliuboff .  It  is  shown  that  if  a  perturbing 
mass  Is  close  to  the  principal  center  of  force,  the  motion  of  the  satellite 
remains  essentially  elliptic. 


49.  Leeper,  E. 

ATMOSPHERIC  PERTURBATIONS  OP  ARTIFICIAL 
SATELLITES.  RAND  Corp.,  Santa  Monica, 

Calif.  P-1496,  September  1958. 

The  purpose  of  this  paper  is  to  present  straightforward  and  accxirate  methods 
of  computing  drag  perturbations,  with  corrections  for  influencing  factors  such 
as  the  rotation  of  the  earth.  Preliminary  considerations  and  basic  ideas  as 
well  as  the  mathematical  formulas  are  given  for  this  type  of  congiutation. 


50.  Levin,  E. 

SATELLITE  PERTURBATIONS  RESULTING  FROM  LUNAR 

AND  SOLAR  CSAVITATIONAL  EFFECTS.  RAND  Corp., 

Santa  Monica,  Calif.  P-1 561,  December  1950. 

The  perturbations  of  a  near-circular  earth  satellite  orbit  by  the  gravitational 
attrEustlon  of  the  sun  or  the  moon  may  be  determined  by  using  relatively  simple 
mathematical  techniques.  The  results  are  In  aigreement  with  those  obtained  by 
more  elaborate  and  someirtiat  less  familiar  methods  used  in  celestial  mechanics. 


19 


LOCKHEED  MISSILES  ft  SPACE  COMPANY 


3-77-61 -22/8B-61 -66 


$1.  Lundqulst,  C.  A. 

EQUATIONS  OF  MOTION  OF  SATELLITE  IN 
UPPER  REGION  OF  THE  EARTH'S  AIMOSPHERB 
Ordnance  Missile  Laboratories,  Army 
Rocket  eind  Guided  Missile  Agency,  Redstone 
Arsenal,  Ala.  Report  6m64  (ASTIA  AD-105, 883) 

April  1955. 

The  equations  of  motion  of  a  satellite  under  the  Influence  of  the  gravitatioiial 
field  of  the  earth  and  a  drag  force  due  to  air  resistance  are  formulated. 

Effect  of  the  rotation  of  the  atmosphere  is  discussed. 


52.  Malinina,  N.  Ye. 

THE  EARTH'S  MAGNETIC  FIELD 

U.S.  Department  of  Commerce,  Office  of 

Technical  Services,  Washington,  D.  C. 

August  i960. 

Tbls  lecture  is  divided  Into  the  following  topics:  The  Elements  of  Terrestrial 
Magnetism,  Magnetic  Surveys,  Secular  Variations,  Graphic  I^esentatlon  of  the 
Eairth's  Magnetic  Field,  The  Structure  of  the  Eeurth's  Magnetic  Field  end 
Magnetic  Anomalies,  Hypotheses  Concerning  the  Origin  of  the  Earth's  Permanent 
Magnetic  Field,  Component  Farts  of  the  Earth's  Variable  Magnetic  Field, 
Magnetic  Activity,  Solar  Diurnal  Geomagnetic  Variations,  and  Magnetic  Storms. 

53«  Mark,  H.,  and  Ostrach,  S. 

The  inflated  satellite  -  Characteristics  in 
sunlight  euid  darkness.  Appendix  I  -  Radiation 
pressure.  Appendix  II  -  Conservation  of 
energy  eqviatlon  and  equilibrium  temperature 
calculations.  Appendix  III  -  Time  required 
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for  equilibrium  conditions  to  be 
established.  Appendix  IV  -  Sphere 
deflection  and  buckling  due  to  the  net  external 
pressure.  Appendix  V  -  Heat-sink  temperature. 

AEROSPACE  BNQ.,  v.  20,  p.  10,  11,  30-36> 

Apr  1961. 

Discussion  of  the  deformation  forces  acting  on  an  Inflated  plastic  satellite 
In  orbit  at  1,000  ml.  altitude.  The  two  most  Important  forces  are  found  to 
be  stagnation  pressure  and  radiation  pressure.  It  Is  concluded  that  a  0.5-nill 
thick  Mylaz*  satellite  100  ft.  In  diameter.  Inflated  with  anthraqulnone,  will 
retain  Its  shape  during  the  entire  course  of  such  an  orbit,  nie  Internal 
pressure  Is  necessary  only  to  Inflate  the  sphere,  and  plays  no  Important  role 
In  keeping  It  Inflated.  Under  other  conditions,  however,  the  satellite  shape 
and  performance  will  be  affected  by  its  internal  pressure.  One  method  of 
obviating  the  problem  caused  by  large  temperature  variation  Is  the  utilization 
of  the  heat  capacity  of  the  subliming  solid.  Calculations  indicate  the 
possibility  of  using  a  solid  with  a  high  vapor  pressure  to  provide  an  excess 
of  internal  pressure,  and  yet  stay  within  the  bounds  of  the  bursting  limits. 


5^.  Muhleman,  0.  0.,  et.  al. 

OBSERVED  SOLAR  PRESSURE  PERTURBATIONS 
OF  ECHO  I.  Jet  Propulsion  Laboratory, 

California  Institute  of  Technology, 

Pasadena,  TR  3**^-ll^>  August  196O. 

During  the  period  August  I3  to  22,  i960,  day-to-day  determinations  of  the 
average  orbital  elements  of  the  lOO-ft  Echo  I  balloon,  based  on  observations 
taken  at  the  Jet  Propulsion  Laboratory's  Goldstone  tracking  station,  indicated 
a  decrease  in  perigee  heat  of  3.0  km/day  and  an  increase  In  the  eccentricity  of 
0.00038/day. 
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$5*  Musen,  P.,  Bailie,  A.,  and  Upton,  E. 

DEVELOmBNT  OF  THE  LUNAR  AND  SOLAR 
PERTURBATIONS  IN  THE  MOTION  OF  AN 
ARTIFICIAL  SATELLITE.  U.  S.,  NASA 
IS*  D-49^.  p.  44,  January  1961. 

Analysis  of  the  problems  relating  to  the  Influence  of  lunar  and  solar  perturba¬ 
tions  on  the  motion  of  artificial  satellites  by  means  of  an  extension  of 
Cs^ley's  development  of  the  perturbative  function  In  the  lunar  theory.  The 
results  are  modified  for  Incorporation  Into  the  Hansen-type  theory  used  by 
the  NASA  Space  Computing  Center.  The  theory  Is  applied  to  the  orbits  of  the 
Vanguard  I  and  Explorer  VI  satellites,  and  the  results  of  detailed  computa¬ 
tions  for  these  satellites  are  given  together  with  a  physical  description  of 
the  perturbations  In  terms  of  resonance  effects. 


$6.  Musen,  P. 

A  MODIFIED  HANSEN'S  THEORY  AS  APPLIED 
TO  THE  MOTICW  OF  ARTIFICIAL  SATELLITES. 

National  Aeronautics  and  Space  Administra¬ 
tion,  Washington,  D.  C.  TN  D-492. 

November  i960. 

This  report  presents  a  theory  of  oblateness  perturbations  of  the  orbits  of 
artificial  satellites  based  on  Hansen's  theory,  with  modification  for 
adaptation  to  fast  machine  computation.  The  theory  permits  the  easy  In¬ 
clusion  of  any  gravitational  terms  and  Is  suitable  for  the  deduction  of  geo¬ 
physical  and  geodetic  data  from  orbit  observations  on  artificial  satellites. 
The  computations  ecu  be  carried  out  to  any  desired  order  compatible  vlth  the 
accuracy  of  the  geodetic  parcuneters. 


57*  Musen,  t*. 

On  the  long-period  lunisolcur  effect  in  the 
motion  of  the  artificial  satellite.  JOURNAL 
OF  GEOPHYSICAL  RESEARCH,  v.  66,  n.  6,  p.  I659-I665, 

Jhn  1961. 
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Two  foranilas  are  presented  for  the  determination  of  lunar  and  solar  long-period 
effects  of  the  first  order  in  the  motion  of  an  artificial  satellite. 


56.  Nusen,  P. 

ON  THE  LONG  PERIOD  LUHI-SOLAR  EFFECT  IN 
THE  MOTION  OF  AN  ARTIFICIAL  SATELLITE.  U.S. 

NASA  TN  D-1041,  p.  21,  July  I96I. 

I^esentatlon  of  formulas  for  determining  the  long-period  perturbations  caused 
by  the  sun  and  the  moon  in  the  motion  of  a  satellite.  The  basic  equations  of 
the  two  systems  presented  are  arranged  in  a  fozmi  permitting  the  use  of  numerical 
Integration,  and  are  both  more  accurate  and  more  adaptable  to  electronic  computa¬ 
tion  than  previous  formulas . 


59 •  National  Academy  of  Sciences 

Effects  of  a  severe  solar  storm  on  the 
orbit  or  ECHO  1.  IGf  BULUETIN  n.  kk, 
pp.  6-7,  Feb.  i960. 

Beasons  for  the  solar  activity  of  November  12,  i960  affecting  the  orbit  of 

Echo  1  are  explored. 

60.  Newell,  H.  E.,  Jr. 

SATELLITES  AND  SPACE  PROBES.  National 
Aeronautics  and  Space  Administration, 

Washington,  D.  C.  Space  Science  Lecture 
n.  4,  NASA  59-109,  March  1959- 

A  fxmdamental  explanation  of  the  mechanics  of  space  trajectories  is  presented. 

The  relationships  of  mass,  speed,  gravity,  etc.,  employed  in  calculating 

these  trajectories  are  explained. 
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6l.  Newton,  R.  R. 

Method  of  stabilizing  an  astronomical 
satellite.  ARS  J.,  v.  29»  P»  665-666, 

Sept  1959- 

In  the  operation  of  a  satellite  being  used  for  astronomical  observations.  It 
Is  clearly  advantageous  for  the  satellite  to  have  zero  angular  momentiim  with 
respect  to  the  fixed  stars.  However,  this  condition,  even  If  achieved  at 
some  epoch,  cannot  be  maintained  Indefinitely;  there  cn-e  always  small  torques 
arising  from  meteorite  Impacts,  gravitation,  and  radiation  pressiire,  acting 
to  alter  the  angular  manenttun.  A  system  Is  suggested  idilch  unbalances.  In 
a  controlled  way,  the  mass  distribution  of  a  satellite  and  thus  produces 
gravitational  torques  on  the  satellite. 


62.  Newton,  R.  R. 

Stabilizing  a  spherical  satellite  by 
radiation  pressure.  ARS  J.  v.  30, 
p.  1175-1177,  Dec  i960. 

Navy-supported  analysis  considering  the  torque  caused  by  radiation  pressure 
on  three  different  configuration  of  a  spherical  satellite.  It  Is  concluded 
that  the  radiation  pressure  Is  adeqiwte  to  overcome  the  destabilizing 
gravitational  torque.  If  reasonable  care  Is  used  In  the  mass  balance  of  the 
satellite. 


63.  Nonweller,  T. 

Effect  of  solar  flares  on  earth  satellite 
1957  B  NATURE  (LONDON)  v.  182,  p.  469-9, 

Aug  1958. 

An  apparent  correlation'  appears  If  the  rate  of  decrease  of  the  period  of  the 
earth  satellite  1957  B,  and  the  concurrent  variation  In  the  total  Intensity 
of  major  solar  flares,  are  compared.  The  sense  of  the  correlation  Implies 
that  world-wide  decreeuses  of  Ionospheric  air  temperature,  or  of  air  density, 
or  both,  result  from  the  fleure  activity. 
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64.  Oberth,  H. 

A  PRECISE  ATTITUDE  CONTROL  FOR  ARTIFICIAL 
SATELLITES-  Army  Ballistic  Missile  Agency, 

Hvuitsvllle,  Ala.  Apr  1957- 

An  attitude  control  for  artificial  satellites  is  described.  This  control 
utilizes  the  'tidal  forces"  which  are  exerted  upon  the  satellite.  The  great 
advantage  in  using  this  method  of  control  is  its  precision.  An  accuracy  of 
0.0001  radian  (21  sec)  can  be  realized  without  difficulty.  A  disadvantage 
of  this  system  is  that  it  cazmot  be  used  alone.  It  must  be  complemented  with 
some  other  means  of  control  to  bring  the  satellite  to  a  desired  attitude 
from  ^ich  it  can  be  further  controlled  by  the  method  described  herein. 

"Tidal  forces'  are  defined,  described,  and  calculated.  Several  technical 
proposals  are  given  concerning  their  use  for  an  attitude  control. 


65.  Petersen,  N.  V. 

Lifetimes  of  satellites  in  neckr-clrcular  and 
elliptic  orbits.  ARS  J.,  v.  26,  n.  5,  p.  341-351, 

368. 

The  problem  of  determining  the  approximate  lifetime  or  duration  for  simple 
satellite  configurations  as  influenced  by  the  gravitational  field  and 
atmospheric  envelope  of  the  earth  is  considered.  The  equations  of  motion 
for  the  case  of  initial  near-circular  and  elliptic  orbits  for  spherical 
and  conical  body  shapes  exposed  to  the  reirefled  atmosphere  are  shown.  An 
approximate  solution  for  the  differential  equations  of  motion  is  presented 
for  the  special  case  of  diffuse  reflection  for  free  molecule  flow.  Life¬ 
times  for  small  Instrumented  satellites  having  a  mass -area  ratio  of  1 
slug/ft^,  satellite  bodies  having  extremely  small  mass-area  ratios  of  0.1 
slug/ft^,  and  for  large  vehicles  having  mass -area  ratios  of  about  10  slugs/ 
ft2  are  shown.  The  lifetimes  of  satellites  Increases  markedly  with  altitude 
cmd  mass-area  ratio. 


66.  Pushkov>  N.  V.,  and  Oolglnov,  S.  S. 

STUDY  OF  THE  GEOMAGNETIC  FIELD  FROM  ARTIFICIAL 
SATELLITES  AND  ROCKETS.  Uspekhl  Flzichesklkh 
Nauk:  v.  63,  n.  4,  pp.  645-656,  Hope,  E.  R., 
translation.  Directorate  of  Scientific 
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Information  Service,  Defence  Research 
Board,  Canada,  T  276R,  1957* 

In  this  paper  some  of  the  geophysical  and  technical  aspects  of  geomagnetic 
maasiarements  from  satellites  are  reviewed.  Ihe  problems  encountered  are 
discussed.  Possibilities  of  future  uses  of  satellites  In  this  field  are 
presented  and  magnetometers  suitable  for  such  work  are  described. 


67.  Relffel,  L. 

Structural  damage  and  other  effects  of 

solar  plasma%  /US  J.,  pp.  258-262,  Mar  i960. 

For  orbits  or  trajectories  that  carry  large  area  lightweight  structures 
outside  of  protected  regions  of  space  defined  by  planetary  magnetic  fields, 
the  damaging  effects  of  solar-plasma  streams  are  shown  to  be  potentially 
serious  and  may  result  In  low  durability  or  high  payload  penalties.  Estimates 
given  depend  directly  on  plasma-stream  densities  and  velocities  which  are 
cmly  very  approximately  known. 


68.  Roberson,  R.  E. 

ATTITUDE  CONTROL  OF  A  SATELLITE  VEHICLE  — 

AN  OUTLINE  OF  THE  PROBLEMS.  Autonetlcs 

Division  of  North  American  Aviation,  Inc., 

Downey,  Calif.  American  Rocket  Society, 

New  York  36,  New  York.  Paper  485-57>  October  1957* 

The  attitude  of  a  satellite  vehicle  must  be  controlled  for  many  applications. 
This  paper  describes  some  of  the  fxmdamental  problems  associated  with  the 
design  of  an  attitude  control  system.  These  Include  the  choice  of  an 
attitude  reference  system  and  of  reference  axes  within  the  body,  and  the 
nature  of  the  attitude  perturbation  torques  acting  on  the  satellite.  Attitude 
equations  of  motion  are  derived  and  a  rationale  for  a  control  system  synthesis 
is  suggested.  Control  torque  sources,  the  effects  of  vehicle  configuration, 
and  the  role  of  attitude  sensing  devices  are  discussed. 


26 


LOCKHEED  MISSILES  ft  SPACE  COMPANY 


3-77-61 -22/8B-61 -66 


69.  Roberson,  R.  Ii!. 

Avinifled  analytical  description  of  satellite 

attitude  motions.  ASTRONICA  ACTA  (in 

French),  v.  5,  n.  6,  pp.  347-355,  1959. 

ft'eviouB  formulations  of  the  equations  of  satellite  attitude  motion  and  the 
perturbation  torques  on  the  satellite  are  unified  and  generalized. 


70.  Roberson,  R.  E. 

A  unified  emalytical  description  of  satellite 
attitude  motions.  ASTRONICA  ACTA,  v.  3,  n.  6, 

P.  347-355,  1959. 

ft'evlous  Formulations  of  the  equations  of  satellite  attitude  motion  and  the 
perturbation  torques  on  the  satellite  are  unified  cud  generalized. 

Equations  of  motion  are  developed  in  terms  of  arbitrarily  large  attitude 
deviation  angles  relative  to  an  arbitrary  attitude  reference  frame.  Explicit 
expressions  are  obtained  for  effective  external  cud  parametric  excitation 
torques  from  internal  moving  parts,  inertial  reaction  ccmtrol  parts,  and 
the  motion  of  the  attitude  reference  frame. 


71.  Rowell,  L.  N.,  and  Smith,  M.  C. 

Effect  of  geometrical  libratlon  on  the 
damped  motion  of  cu  earth  satellite.  ARS  J., 

V.  31,  p.  361-364,  Mar  I961. 

Study  of  the  effect  of  geometricaJ.  libratlon  on  the  damped  motion  of  a 
satellite  about  its  pitch  axis.  SeveraJ.  stabilizing  systems  are  discussed. 
It  is  shown  that  a  combination  of  sensing  devices  will  effectively  remove 
the  found  error  in  pitch  which  is  caused  by  geometrical  libratlon.  This 
is  achieved  by  accurate  tuning  and  not  by  depending  on  orbits  having 
extremely  small  eccentricities,  as  in  the  case  when  the  horizon  sensor  or 
gyro  sensor  is  used  separately. 


27 


LOCKHEED  MISSILES  ft  SPACE  COMPANY 


3-77-61-22/8B-61-66 


72.  Savet,  P.H. 

Satellite  attitude-detection  and 
control.  ARMA  ENOIHEBRINa  v.  3> 
n.  4,  p.  4-9,  Nov  i960. 

The  problem  of  nonuniform  gravitational  fields  Is  reviewed  with  respect  to 
satellite  control,  and  the  possible  application  of  gradient  techniques 
thereto  Is  discussed. 


73*  Schlegel,  R. 

Radiation  pressiire  on  a  rapidly  moving 
vehicle.  AMERICAN  JOURNAL  OF  PHYSICS 
V.  28,  n.  8,  p.  687-694,  Nov  i960. 

The  radiation  pressure  Is  calculated  for  a  sxurface  which  Is  movlDg  In  an 
electromagnetic  radiation  field  that  Is  Isotropic  to  rest  observer. 


74.  Science  find  Tech.  Section,  Air  Force 

Information  Dlv.,  Washington,  D.C. 

PHENOMENA  IN  THE  UPPER  AOMOSPHERE  REVIEW 
OF  SOVIET  LITERATURE.  Moothly  rept.  no. 
l4,  June  61. 

Material  are  reported  on  the  following  topics:  (l)  Ionospheric  electron 
concentration,  (2)  Solar  radiation  and  the  Ionosphere,  (3)  Van  Allen  belts 
and  cosmic  rays,  (4)  Telluric  currents,  ($)  Atiaospherlc  electricity,  and 
(6)  Satellite  and  missile  data. 

75*  Shapiro,  I. I.  and  Jones,  H.M. 

Perturbations  of  the  orbit  of  the 

echo  balloon.  SCIENCE  v.  132,  p.  1484-86, 

18  Nov  i960. 
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76.  singer,  S.F. 

MEASUREMEiNT  OF  THE  ELECTRIC  CHANGE  OF 

A  SATELLITE.  Physics* Department,  Univ. 

of  Maryland,  College  Park.  Final  rept. 

on  Grant  NSF/IGY-32.2/216,  3I  Mar  59. 

A  literature  survey  was  undertaken  to  ascertain  the  heet  values  for  the 
environmental  parameters  In  a  satellite  orhlt.  These  parameters  Include  the 
gas  temperature,  the  average  velocities  of  ions  and  electrons  and  their 
respective  temperatures,  the  gas  density,  and  the  degree  of  ionization. 

From  these  data,  an  estimate  of  the  electrostatic  potential  of  a  satellite  is 
determined.  Photo-emission  of  electrons  from  the  satellite  skin  is  the 
primary  investigation  \indertaken  in  this  report.  The  hot-probe  technique  is 
given  careful  consideration,  and  the  components  for  such  a  probe  are  described. 


77*  Smithsonian  Institution,  Astrophyslcal 

Observatory,  Cambridge,  Massachusetts. 

RESEARCH  IN  SPACE  SCIENCE.  Special  rept. 

56,  30  Jan  61. 

This  report  contains  the  following  papers;  "A  Method  of  Analysis  for  Lens 
and  Mirror  Systems"  by  R.J.  David,  S.E.  Strom,  and  K.M.  Stromj  "A  Determina¬ 
tion  of  the  Elllptlcity  of  the  Earth's  Equator  From  the  Motion  of  Two 
Satellites"  by  I.G.  Izsak;  "Effects  of  Solar  Radiation  Pressvire  on  the  Motion 
of  an  Artificial  Satellite"  by  Y.  Kozal. 


78.  Sohn,  R.L. 

Attitude  stabilization  by  means  of  solar 
radiation  pressure.  ARS  JOURNAL  v.  29, 
n.  5,  P.  371-73,  May  1959. 

This  paper  demonstrates  the  feasibility  of  stabilizing  the  attitude  of  a 
space  vehicle  by  means  of  solar  radiation  pressure.  If  a  suitable  weather- 
vane-type  trail  surface  is  attached  to  the  vehicle,  soleur  radiation  pressure, 
acting  on  the  weathervane,  will  stabilize  the  vehicle  against  disturbing 
torques  which  arise  from  gravitational  eccentricities  (dvmbbell  effect), 
meteorite  Impacts  emd  solar  radiation  pressvtre. 
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79*  Stocker,  T.A.J.,  and  Vachino,  R.F. 

THE  TWO-DIMENSIONAL  LIBRATIONS  OF  A  DUMB¬ 
BELL  SHAPED  SATELLITE  IN  A  UNIFORM  GRAVITA¬ 
TIONAL  FIELD.  Wright  Air  Development 
Center,  Wright -Patters on  APB,  Ohloj 
American  Astronautlcal  Society,  Palo  Alto, 

Calif.  (Presented  at  the  Western  Regloned 
Meeting,  Stanford  University,  Palo  Alto, 

Calif.,  18-19  Aug  1958) 

Many  proposed  applications  of  artificial  Earth  satellites  require  that  die 
satellites  he  oriented  relative  to  the  direction  of  the  Earth,  the  local 
vertical.  It  has  been  proposed  that  a  satellite  In  the  shape  of  a  dumbbell 
Inherently  senses  the  direction  of  the  vertical.  The  motion  of  such  a 
dumbbell  has  been  studied  by  first  deriving  the  equation  of  motion  of  a  point- 
mass  satellite  In  a  central  force  field- -the  classical  two-body  system — and 
then  by  extending  the  analysis  to  the  modified  three-body  system  which  the 
d\mibbell  presents.  The  three  equations  of  motion  of  the  d\imbbell  are  derived 
using  Newton's  law  and  are  then  simplified  by  a  series  of  approximations  in 
order  to  compare  the  attltxxde  and  orbital  motion  of  the  dtanbbell  with  the 
motion  of  the  dumbbell  with  the  motion  of  a  point -mass  satellite.  The  complete 
equations  of  motion  of  the  d\imbbell  are  programmed  on  a  digital  computer  for 
various  Initial  orbital  and  dumbbell  attitude  conditions  and  for  different 
dumbbell  lengths.  The  results  show  that  only  in  a  circvilar  orbit  can  the 
dumbbell  ever  be  permanently  aligned  along  the  lochl  vertical,  and  that  for 
elliptical  orbits  of  small  eccentricity  the  dumbbell  performs  undamped 
sinusoidal  oscillations  of  varying  amplitude  and  frequency.  In  elllptlcEil 
orbits  of  high  eccentricity  the  dumbbell  rotates  almost  continuously.  The 
dumbbell  length  and  Its  attitude  motion  do  not  perturb  Its  orbit. 


80.  Struble,  R.A. 

The  geometry  of  the  orbits  of  artificial 

satellites.  ARCHIVE  FOR  RATIONAL  MECHANICS 

AND  ANAIaSIS  v.  7,  n.  2,  p.  87-104,  Feb  I96I. 

An  approach  to  the  study  of  the  orbits  of  eurtificlal  satellites  Is  presented. 
The  basic  geometry  and  other  aspects  of  satellite  motion  irtilch  are  of  liiqpor- 
tance  to  satellite  engineering  are  emphasized.  Ilie  motion  of  the  oz^ltal 
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80.  (cont'd)  plane  ae  a  rigid  body  Is  Introduced  and  a  nonelUptleal  orbit 
motion  In  this  plane  Is  defined. 


8l.  Tandon,  J.N. 

Oscillations  of  rotating  cosmlcal  bodies 

In  the  presence  of  mEignetlc  field.  INDIAN 

J.  PHYS.  V.  3^+,  n.  3,  p.  107-17,  Mar  i960. 

The  effect  of  rotation  on  the  radial  pulsations  of  cosmlcal  fluid  masses 
with  special  reference  to  spherical  mass  (magnetic  variables)  and  cylindrical 
mass  (spiral  arm,  solar-ion  stream)  was  Investigated  when  the  fluids  have 
voliame  electric  currents.  Two  models  of  current  systems  are  considered  for 
cylindrical  mass:  clrculeur  currents  and  line  currents.  It  Is  found  that 
for  radial  pulsations,  rotation  In  general,  helps  In  the  dynamical  stability 
of  the  cosmlcal  bodies. 


82.  Taylor,  H.L. 

Satellite  orientation  by  inertial  tech¬ 
niques.  AEROSPACE  SCIENCES  v.  28,  n.  6, 
p.  k93-‘^99,  512,  June  196I. 

Utilizing  the  properties  of  the  gravitational  gradient,  an  Instrumentation 
system  and  an  orientation  procedure  are  proposed  by  which  satellite  attitude 
control  and  orbital  parameter  computation  can  be  accomplished. 


83.  Thomson,  W.T.  and  Reiter,  G.S. 

Attitude  drift  for  space  vehicles. 

JOURNAL  OF  THE  ASTRONAUTICAL  SCIENCES 
V.  7,  n.  2,  p.  29-3^,  Siumner  i960. 

This  paper  examines  the  effect  of  energy  dissipation  on  a  spinning  body  and 
evaluates  the  time  required  for  a  body  of  given  configuration  to  vtndergo  a 
specified  change  In  attitude. 
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Sit'.  Upton,  E.,  Bailie,  A.  and  M;isen,  P. 

LUNAR  AND  SOLAR  PERTURBATIONS  ON 
SATELLITE  ORBITS.  National  Aeronautics 
and  Space  Administration,  Washington,  D.C. 

(Presented  at  the  American  Rocket  Society 
(New  York)  lltth  Annual  Meeting,  Washing¬ 
ton,  D.C.,  16-20  Nov  1959)  Paper  920-59- 

A  refinement  of  eeirller  computations  on  the  orbit  of  the  Vanguard  I  satellite 
has  revealed  the  presence  of  a  very  slow  variation  in  perigee  height,  with  a 
period  of  414-9  days  and  ein  amplitude  of  2  km.  It  has  been  suggested  recently 
that  a  term  of  this  period  and  amplitiide  will  result  from  a  combination  of 
lunar  and  solar  perturbations  on  the  Vanguard  I  satellite.  Calculations  have 
been  extended  to  the  case  of  the  paddle  wheel  satellite.  Explorer  VI,  which 
has  an  apogee  of  48,700  km,  a  perigee  of  6640  km  and  an  orbital  inclination 
of  47.3  deg  to  the  equator.  It  is  found  that  the  highly  eccentric  orbit  of 
this  satellite  produces  substantial  lunar  and  solar  perturbations  which 
decrease  the  perigee  altitude  rapidly,  shortening  its  lifetime  from  several 
decades  to  a  probably  value  of  two  years.  This  paper  f\irther  explores  the 
possible  lunar  and  solar  effects  on  perigee  height  for  satellite  orbits  of 
large  eccentricity. 


85.  Veldkamp,  J. 

The  activity  of  the  geomagnetic  field. 

ICUS  REVIEW  V.  3,  n.  2,  p.  97-99,  Apr  I96I. 

The  occurrence  and  cause  of  the  regular  dally  variation  in  the  geomagnetic 
field  are  briefly  discussed. 


86.  Vestlne,  E.H. 

SOLAR  INFLUENCES  OF  GEOMAGNETIC  AND 

RELATED  PHENOMENA.  Rand  Corp.,  Santa 

Monica,  California.  Rept.  RM-2738-NASA. 

Geomagnetic  effects  of  streams  of  electromagnetic  and  particle  radiation  from 
the  Sun  are  discussed.  The  Interplay  of  forces  between  the  geomagnetic  field 
euid  solar  streams  is  outlined,  and  the  theoretical  relationship  between 
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86.  (cont'd)  these,  the  solar  storms,  the  trapped  Van  Allen  reidlatlons,  the 
polar  aurorae,  aid  the  geomagnetic  field  distortion  are  presented. 

87*  Vestlne,  E.H. 

The  survey  of  the  geomagnetic  field 
In  space.  AMERICAN  GEOPHYSICAL  UNION, 

TRANSACTIONS  OF  THE  v.  4l,  n.  1,  p.  4-21, 

Mar  i960. 

This  paper  Is  concerned  vith  the  Earth's  geomagnetic  field  near  the  Earth 
and  In  the  surrounding  space. 


88.  Wyatt,  S.P. 

the  effect  of  RADIATION  PRESSURE  ON  THE 
SECULAR  ACCEIERATION  OP  SATELLITES, 

Smithsonian  Institution,  Aatrophyslcal 
Observatory,  Cambridge,  Maas,  Special 
rept.  60,  10  Mar  61. 

This  study  evaluates  the  effect  of  solar-radiation  pressure  on  the  seculsur 
acceleration  of  Earth  satellites.  For  perigee  heights  less  than  about  8OO 
km  the  period  changes  due  to  radiation  pressure  are  minor  compared  with 
those  due  to  atmospheric  drag.  At  greater  heights  and  lower  air  densities, 
radiation  pressure  becomes  increasingly  important.  When  a  satellite  is  In 
sunshine  all  around  its  orbit,  the  period  change  arising  from  the  pressiire 
of  sunlight  is  zero.  But  during  the  weeks  or  months  it  is  penetrating  the 
Earth's  shadow  and  is  therefore  exposed  to  a  photon  wind  only  part  of  each 
circuit,  the  secular  acceleration  may  attain  substantial  values,  positive  or 
negative,  depending  on  the  orientation  of  the  orbit  relative  to  the  Sun. 
Seveiral  special  cases  of  orientation  are  discussed,  Euid  a  general  formula 
for  computing  secular  accelerations  due  to  radiation  pressure  is  derived  as 
far  EU9  terms  In  the  square  of  the  eccentricity. 


89.  Westerman,  H.R. 

Perturbation  approach  to  the  effect  of 
the  geomagnetic  field  on  a  charged 
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89.  (oont'd)  satellite.  ARS  JOURNAL  v.  30,  n.  2, 

p.  20U-5,  Feb  i960. 

An  Investigation  Is  reported  of  the  effect  of  the  Barth's  magnetic  field  on 
the  oi^it  of  a  charged  satellite. 


90.  Wilson,  R.H.,  Jr. 

The  bolometrlc  solar  related  to  radiation 
pressure  effects  on  satellites.  ASTRO- 
NCNdCAL  JOURNAL  v.  66,  n.  2,  p.  ^8,  Mar  I96I. 

^1.  Wilson,  R.W. 

Oeomagnetlc  rotational  retardation  of 
satellite  1939  alpha  1  (Vemguard  II ) 

SCIENCE  V.  131,  n.  3395,  P.  223-225, 

22  Jan  I960. 

Radio  observations  indicated  rotation  speed  vas  retarded  exponentially  at  a 
rapid  rate.  Anedysls  confirms  the  eddy-current  theory  previously  applied 
to  Vanguard  I. 

92.  Yeh,  K.C.,  euid  Gonzalez,  V.H. 

NOTE  ON  THE  QE(»ffiTRY  OF  EARTH  MAGNETIC 
FIEID  USEIiUL  TO  FARADAY  EFFECT  EXPERI¬ 
MENTS.  Illinois,  Unlv.  of.  Electrical 
Engineering  Research  Lab.,  Urbana. 

10  Feb  60. 

The  geometric  factor  M  Involving  the  Earth's  magnetic  field  in  the  Faraday 
effect  equation  Is  studied.  A  total  of  48  coefficients  Is  used  to  compute 
this  factor.  Some  representative  curves  are  shown.  It  is  found  that.  In 
general,  this  factor  Is  not  a  constant  for  a  given  ray.  However,  when  a  ray 
passes  near  the  saddle  point  of  the  "M-siirface, "  M  can  be  assumed  to  be 
constant  along  the  ray  vlth  reasonable  accuracy.  In  other  regions  of  the 
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92.  (cont'd)  sky  an  omiiirical  average  value  of  M  must  be  used  for  a  given 
ray  and  Its  value  depends  on  the  direction  of  the  ray  and  the  a  priori  Ioni¬ 
zation  density  profile.  The  results  are  compared  with  values  computed  by 
using  dipole  Earth  field. 


93*  Zhigulev,  V.N.  and  Romishevskii,  E.A. 

Concerning  the  interaction  of  currents 

flowing  in  a  conducting  medium  with 

the  earth's  magnetic  field.  SOVIET 

PHYSICS  -  DOKLADY  v.  4,  n.  4,  p.  859-62, 

Feb  I960.  (Trans,  of  AKADEMIIA  NAUK,  SSSR, 

DOKLADY  V.  12Y,  n.  5-  P-  1001  ,  Aug  1959) 

In  this  paper  an  investigation  is  made  of  the  motion  of  the  Earth  in  an  orbit 
passing  through  interplanetary  ionized  gas,  and  likewise  of  the  interaction 
of  the  solar  corpuscular  oiurrents  with  the  Earth's  magnetic  field.  The 
effect  of  the  possible  colleot.ive  1  nteract.ions  of  the  particles  is  taken 
into  account,  and  also  the  efferits  if  the  mutual  influences  of  the  ioniza¬ 
tion  current  of  the  gas  and  the  Earth's  magnetic  field. 


94.  Zonov,  Yu.  V. 

ON  THE  PROBIUM  OF  THE  INTERACTION 
BETWEEN  A  SATELLITE  AND  THE  EARTH'S 
MAGNETIC  FIELD.  National  Aeronautics 
and  Spfice  Administration,  Washington,  D.C. 

TT  F-37,  May  00.  (iskusstennyye  Sputnik! 

Zemli  n.  ■!,  1959) 

This  study  considers  first,  t.hc  currents  induced  by  the  translational  motion 
of  a  satellite  relative  to  the  magnetic  field,  then  by  the  change  in  the 
speed  of  rotation  of  a  satellite  about  I  t.s  own  eucis  due  to  eddy  currents, 
emd  finally  by  the  disturbing  forces  exerted  by  the  magnetic  field  on  a 
satellite  that  has  no  rotation  of  its  own. 
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